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Description 

Th present invention is concerned with the use of iron salts for inhibiting the corrosion of metals. 

Replacement of corroded equipment can be a major expense in an industrial process, both from the standpoint o 
equipment cost and from the standpoint of lost production during the replacement process, as well as costs for removal 
and disposal of the corroded equipment. In addition, maintenance costs for equipment in a corrosive environment may 

66 ^ number of approaches are utilized to reduce the effects of corrosi v e sub st a nces op metal eq uipment. These 
include fabricating the equipment from corrosion resistant materials such as titanium, zirconium or tantalum; coating 
or lining the equipment with corrosion resistant materials such as glass; and adding corrosion inhibiting substances to 
the corrosive materials. Use of corrosion resistant metals and coating of equipment with inert materials can be expen- 

S,Ve when corrosion inhibiting substances are employed care must be taken to fully evaluate any proposed metal/ 
corrosion inhibitor system, that is, the metal, the corrosive material, the inhibitor, and other components which may be 
present in order to avoid unexpected results, the most important being failure to inhibit corrosion. For example, fluoride 
ions accelerate the dissolution of titanium oxide. Therefore, whenever fluoride ions are present, oxidizing agents gen- 
erally do not work well as titanium corrosion inhibitors. In some cases low cc^centraticfls of corrosicxi .nhibrtors actually 
increase the corrosion rate. They onlyfunction as inhibitors at concentrations above what is known as the critical value. 

In highly corrosive environments, such as occur in the presence of sulfuric/hydrocyanic acid mixtures, corros.on 
resistant metals are often used. Unfortunately, such acid mixtures are sufficiently corrosive that even when corrosion 
resistant metals are used unacceptable corrosion often occurs, especially at elevated temperatures which cccui, or 
example, in distillation columns during distillation. For that reason, corrosion inhibitors are typically added to such 

mKt ^osk>n resistance of many of the common metals, including aluminum, iron and steel, titanium, and zirconium 
is through formation of a metal oxide layer on the metal's surface. In environments where water or oxygen are present, 
such metals regenerate metal oxide layers spontaneously. In more aggressive environments, such as in the presence 
of acidicmbctures, the metal oxide layermay be depleted faster than the metal can oxidize to sp^taneously regenerate 
it. In those cases, oxkHzing agents are good choices for corrosion inhibitors because they increase the rate of ox.de 

' aye The 9 r^nil"monly used oxidizing agent inhibitors are copper satts such as copper sulfate. These salts have the 
advantages of having good activity as corrosion inhibitors, ready availability, solubility in aqueous solutions, and rea- 
sonable cost. Unfortunately, they also have a significant drawback. They are considered environmental* detnmental 
and therefore, are difficult to dispose of in an environmentally acceptable manner. Thus, there is a need for environ- 
mentally acceptable alternatives to copper salts as corrosion inhibitors in metal vessels exposed to acidic m.xtures^ 
I P Anoshchenko et al., in Werkstoffe and Konosion25. Jahrg. Heft 10/1974, reports that, in addition to copper 
saris' iron salts are known to inhibit corrosion of titanium by acidic solutions such as sulfuric, hydrochloric, and phos- 
phoric acids However, we expected that iron salts would be ineffective for inhibiting metal corrosion in the presence 
of sulfuric acid/hydrocyanic acid mixtures due to the formation of Prussian blue or other iron cyano complexes^ Such 
complexes are produced by the precipitation of ferrous f errocyanide from a soluble f errocyanide and errous sulfate at 
^pHlronc^anocompiexes are knowntobe insoluble in water and, therefore, would be expected to be unavartable 
to act as oxidizing agents on the metal surfaces in aqueous environments. 

We have newfound that, contrary to expectations, many iron salts act as corrosion inhibitors in the presence of 
aqueous sulfuric acidmydrccyanic acid mixtures. Thus, the present invention is directed to a method for mh.brt.ng the 
corrosion of metals exposed to aqueous mixtures of sulfuric and hydrocyanic acids by the use of such iron satts. 

Accordinq to the present invention there is provided a method of inhibjUnguxjnosior^^etal^xpo^eMto, and 
f orrrunaanoxide surface when in co ntact^, an aqueous mixture of sulfuric and hydrocyanic acids, wh.ch compnses 
admixfgtwith the aqueous sMuii^oc^SLaadjpMure, in contact with the metal, an iron salt wherein the con- 
centration of the iron salt is from 10 to 1000 parts per million parts of the aqueous mixture. 

The metalJor which corrosion is to be inhibited may_b^any_metal which form s an , oxjde surfa ce which is stable, 
stronglTadf^rent to the metal, and protective from the effects of acidic, oxidizing corrosive matenals. Such metals 
include for exampl , iron and iron based alloys such as st el; titanium; zirconium; and the like. Preferred metals are 
titanium and zirconium because of the high cost of replacing equipment made from these metals. 

The cone ntration of the iron salt is from 10 to 1000 parts, preferabty from 50 to 100 parts, and more preferably 
from 50 to 75 parts, per million parts of the aqueous sulfuric acid mixture. 

The composition of the iron salt anion is not critical. However, in order to act as an inhibitor it .s nec ssary that the 
oxidation-reduction potential of the salt be greater than that of the metal for which corrosion is to be inhibrted. In general, 
the qreater the difference in the potential, the greater the corrosion inhibitory effect of the salt. Thus, iro n (III) salts, 
since they have an oxidation-reduction potential on the order of 0.77 V, are preferred over iron (II) salts, wh«h have 
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an ovation reduction potential on the order of -0.44 V. Because of their low oxidation-reduction potential, iron (II) salts 
^ ^set r<CSl for meta.s with an oxidatfcn-reduction pot ntal greater than -0.44 V. Iron (III) salts in 
™ flexes, such as, for example, the hexacyano complex, a.so may be used « . rt*** H«m 
cTre m^st be taken tLnsure that the oxdatbn-reduction potential of the complex is h.ghert^^^^ 
SeTed Prtferabry the iron (III) salt is selected from iron (III) sulfate, iron (III) oxylate, and potass.um ferrocyan de_ 
Due toieir Ngh oxidatbn reduction potential, preferred iron (III) salts indud. the sulfate and oxalate. Most preferred 

iS Tn onieSiment of the present invention the sutturic acid concentration in the aqueous mixture * from 0^001 
weigM percentr ^^0 weight percent, andthehydrccyanbacd concentration in ^ 

S ner m^l parts of le aqueous mbcture. Preferably, the sulfuric acid concentration in the aqueous mcctureis from 
^ weight P 3 to 5 weight percent, and the hydrocyanic ackJ concentration in the aqueous mixture ,s from 10 to 

100 CZ^^T^T^e varies w«h the aggress.eness of^e envir^men, 

That^The^centration of sulfuric and/or hydrocj^ids increases in the aqueous mixture, *e arr»unt of .non 
in*dto i^ease This effect * more pronouncto^changes in sulfuric acid concentrafon than wrth changes 
fhy^y^c ^c^centratton. Furthermore, care must be exercised to ensure that the concentrate of iron salt 
is mainS above an experimentally derived minimum concentration, the critical value, since corros.on may be ,n- 

acids that is aqueous solutbns with less than about 10 weight percent sulfuric acd and less than about250C I parts 
SUanic acS per million parts of the aqueous sulfuric acid mixture, iron salt concentrations of 10 - f 1000 parte ; per 

weight percent to aiul 5 weight percent and the hydrocyanic acid ^ 

oer million parts of the aqueous sulfuric acid mixture, preferred levels of .ron salt are from about 50 to about 00 parts 
oe m S Ss of the aqueous sulfuric acid mbcture under anaerobic conditions. Most preferred are levete f rom 50 - 
?5iaS under anaerobic condftions. These values are for environments under an ,nert 
oxy^ rtselTl serve as an oxtfizing agent, when it is present, for example, when the mixture * aerated. ,ron salt 

'Co^SSr: present invention in greater detail. They in no way in. the inven^l 
percentages Le Examples are by weight based on the total weight of the aqueous sulfuric acd m,xtures, parts per 
million are based on parts per million parts of the aqueous sulfuric acd mixtures. 

GENERAL PROCEDURE 

Corrosion processes are evaluated by electrochemical analysis using an electrochemical cell. A standard cell 
cc^sSrwo^XLe of trtaniumor zirconium grade 2 coupons (Metal Samp.es Co.) two graphrte counter 
eSdes oTcakLl reference electrode connected to the cel. by a salt bridge (Lugin probe), and a gas inlet tube 
to^urae^ell^th argon gas. Experiments are conducted at a temperature of 95* C under an argc» , atmosphe e 
SZ^C-EX cel.* connected to a potentiostat (PARC EG&G ^"^^^ % 
a computer for data collection and data analyse. Corrosion measurement and analyse software I s0 ™*™ 
1 9 TeG&G Instruments) is used to set all experimental parameters, control the experiments, and analyze the data 
ZoS ^ters are entered into the computer program prk>r to each experiment: cond.teing potential and 

oft he^ 

andDlottedaoainsttheappliedpotential. Aline is obtained which provides values for 'E^ and the current flow ( 1^ ) 
The corrosion rate ("CR") is calculated from these values as follows: 



CR^cfEW/DHI^A) 



where 

c = 



a proportionality constant = 1 .287 x 10* when is in amperes ("A') and CR is in mils per year ('mpy'), 
or 3.27 X 103 ^en 'corr is in amperes ("A') and CR is in millimeters per year 
EW = equivalent weight 
D = density ot the metal (g/cm 3 ) 

l cori /A= current density in A/cm 2 
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A metal is considered active if a corrosion rate greater than 1 .27 millimeters per year (50 mpy) is found passive if the 
corrosion rate is I ss than 0.254 millimeter per year (10 mpy), and active^ssive if it oscillates backandforth betw en 

aCt W A^dic t puTse e A charge of 550 mV is applied to the metal for 30 seconds. E^ is monitored for 30 minutes while 
the system equilibrates. An LPR scan is then conducted. „ m . , . 

Cathodic Pulse - A charge of -900 mV is applied to the metal for 30 seconds. is monitored for 30 minutes 
while the system equilibrates. An LPR scan is then conducted. 

Pnt ftntiodvnamic CPD m ) Scan - A control potential scan is applied to the working electrode from -250 mV Irom 
to 1 6 Vvs the standard calomel electrode ('SCE') at a scan rate of 350 mV/second. The results of the potentiodynamic 
scan provide a value for E^ based on the potential at peak current flow. This procedure produces a fingerprint of 
the material being tested. The shape of the fingerprint may show any tendency for the metal to be active, passive, or 
active-passive depending on the conditions. 

Po tentiodvnamic Scan of Metal Without Inhibitor - A cathodic charge of -900 mV is applied for 1 minute. E of 
the metal is monitored for 1 hour. An LPR scan is conducted followed by a Potentiodynamic Scan after the system has 

^ "SlLeriment without Inhibitor - A -900 mV cathodic pulse is applied for 60 seconds to ensure the metal 
surface is free of oxide. is then monitored for 1 hour. An LPR scan is then conducted. Anodic, cathodic, and then 
another anodic pulses are applied with equilibration and an LPR scan between each pulse A Potent.odynam.c scan 
from -1 0 V vs SCE to 1 .5 V vs SCE is conducted after a final equilibration. 

Pulsino Experiment with Inhibitor - This experiment is conducted as above except that prior to the initiation of the 
pulse sequence the inhibitor is added and then E^ is monitored for 30 minutes. 

EXAMPLES 

E xamples 1-4 " Aqueous solutions, containing sulfuric acid and hydrocyanic acid and having sulfuric acid concen- 
trations of 0.01 weight percent, 0.1 weight percent, 1 .0 weight percent and 5.0 weight percent, were prepared. In each 
experiment a solution was placed in the electrochemical cell with either a titanium or zirconium coupon. PD and LPR 
scans were then conducted and CR and E^ were determined. Representative results of these expenmente are in 
Table 1. The results show the expected behavior for titanium in sulfuric acid, which is a corrosive agent for titanium. 
The CR increases with "increasing acid concentration and E^ decreases. 



Ex. No 


H 2 S0 4 Conc.% 


Inhibitor 


Cone, ppm 


CR in mm per year 


(CR in mils per year) 


Ecorr in V 


1 
2 
3 
4 


0.01 
0.1 
1.0 
5.0 






0.0254 - 0.0508 
0.254 - 0.508 

2.362 
5.08-7.112 


(1-2) 
(10-20) 

(93) 
(200-280) 


-0.2180 
-0.3703 
-0.6412 
-0.8164 



Examples This experiment was conducted using the procedure of Examples 1 to 4 except that copper (II) sulfate 
was added as an inhibitor. Representative results of this experiment are in Table 2. The results show the effect of 
addition of copper (II) sulfate, a known inhibitor. The addition of 1 0 ppm of copper (II) sulfate reduces the CR by about 5x. 



Ex. No 


H 2 S0 4 Conc.% 


Inhibitor 


Cone, ppm 


CR in mm per year 


(CR in mils per year) 


Ecorr in V 


5 


0.1 


CuS0 4 


10 


0.0551 


(2.17) 


0.1549 



Examples 6-1 3 " These experiments were conducted using the procedure of Examples 1 to 4 except that iron (III) 
sulfate was added as an inhibitor. Representative results of these experiments are in Table 3. All the values for CR 
are less than 0 0254mm peryear (1 .0 mpy) indicating that iron (III) sulfate protects titanium from sulfuric acjd corrosion. 
When compared to the effect copper (II) sulfat has on E,^ and iron (III) sulfate has a gr ater ffect on E 
whereas copper (II) sulfate has a greater effect on At higher acid cone ntrations. more iron (III) sulfate is required 
in order to obtain an equivalent CR (compare Examples 9 and 13). 
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TABLE 3 



Ex. No 


H 2 S0 4 Cone. % 


Inhibitor 


Cone, ppm 


CR in mm per year 


(CR in mils per year) 


Ecorr in V 


6 

7 

8 

9 

10 

11 

12 

13 


0.1 
0.1 
0.1 
0.1 
0.1 
1 .U 
1.0 
1.0 


Fe2(S0 4 ) 3 
Fea(S0 4 ) 3 
Fe 2 (S0 4 ) 3 
Fe 2 (S0 4 ) 3 
Fe 2 (S0 4 ) 3 
Fe2(S0 4 ) 3 
Fe 2 (S0 4 ) 3 
Fe 2 (S0 4 ) 3 


38 

50 

75 

100 

150 

50 

75 

150 


0.0191 

0.0152 

0.0102 

0.0051 

0.0046 

0.0071 

0.0064 

0.0051 


(0.75) 

(O.b) 

(0.4) 

(0.2) 

(0.18) 

(0.28) 

(0.25) 

(0.2) 


0.4791 

0.1259 

0.2240 

0.3668 

0.4731 

0.16 

0.20 

0.2 


Exam 
ferrocyan 


pies 14-1 8: These e 
de was added as ai 


xperiments were conducted using the procedure of E 
i inhibitor. Representative results of these experim 

TABLE 4 


Examples 1 to 4 except tt 
ents are in Table 4. 


lat potassium 


Ex. No 


H2SO4 Cone. % 


Inhibitor 


Cone, ppm 


CR in mm per year 


(CR in mils per year) 


Ecorr in V 


14 
15 
16 
17 
18 
(Zr) 


0.1 
0.1 

0.1 (Zr) 
0.1 

0.1 (Zr) 
r= Zirconium coupo 


K 3 Fe(CN) 6 
K 3 Fe(CN) 6 
K 3 Fe(CN) 6 
K 3 Fe(CN) 6 
K 3 Fe(CN) 6 
n used 


50 

100 

100 

200 

200 


0.0241 
0.0102 
0.0508 - 0.0762 
0.0071 
0.0117 


(0.95) 
(0-4) 
(2-3) 
(0.278) 
(0.46) 


0.6030 
0.2719 
0.6473 
0.8473 
0.8801 



Examples 1 9-20 These experiments were conducted using the procedure of Examples 1 to 4 except that iron (II) 
suKafS^ oxyfcte (F^OxJa) were added as inhibitor, Representee results of these expenments are ,n 

Table 5. 



Ex. No 


H 2 S0 4 Cone. % 


Inhibitor 


Cone, ppm 


CR in mm per year 


(CR in mils per year) 


Ecorr in V 


19 
20 


0.1 
0.1 


FeS0 4 
Fe(Qx) 3 


500 
180 


0.0137 
0.0257 


(0.54) 
(1.01) 


-0.3065 
0.1709 



Example 19 shows the effect of changing the oxidation state of the iron ion in the inhibitor. Iron (II) sulfate is much 
.essSti inhTbriian iron (III) sulfate We expect this is because its oxidation-reductk*, potent.al . much less 
STSS^JTa^for Lm examples 14-18 and 20 show the effect on CR of a change, J. «a 
ABhouah the effect is low these materials are still sufficiently active to inhtbit corrosion. In additon, Examples 14-18 
stow Te a<£Z^teZ from the aqueous sulfuric acki/hydrocyan* add mbcture, has on ft. corrosion , « £ 
S^e the presence of cyanide will lead to formation of the hexacyano iron (III) anion, Example 20 demonstrates that 

^ SX CSlpare the corrosion rate wift d.erent levels of hydrocyan, acid at two 
dm e^ete of su tfuric acid The iron (III) sulfate level was maintained between 50 and 75 ppm .n each of the 
expemJ^ 

held at 60"C instead of 95"C. Representative results of these expenments are found .n Table 6. The results ^ow that 
S corr^io^ ra e is more dependent on the sulfuric acid concentration than the hydrocyan,c aad concentre m In 
ad^Sn^e experiments show that even at high hydrocyanic acid concentration, the corros,on rate ,n ftamum ,s 
acceptabl . 



Ex. No. 


H 2 S0 4 Cone. % 


HCN Cone, ppm 


CRinmmp ryear 


(CR in mils per year) 


21 
22 


0.1 
0.1 


2140 
2554 


0.0086 
0.0041 


(0.34) 
(0.16) 
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TABLE 6 (continued) 



Ex. No. 


H 2 S0 4 Cone. % 


HCN Cone, ppm 


CR in mm per year 


(CR in mils per year) 


23 
24 


1.0 
1.0 


1063 
1480 


0.0526 
0.0541 


(2-07) 
(2-13) 



Claims 



from 10 to 1000 parts per million parts of the aqueous mixture. 

I Amethodasclaimedinc^ 

and is preferably selected from titanium and zirconium. 

1 0 to 2500 parts per million parts of the aqueous mixture. 

per million parts of the aqueous mixture. 
5. A method as claimed in any preceding claim, wherein the iron salt is an iron (III) salt. 

6 A method as claimed in cfcim 5, wherein the iron saft is selected from iron (...) suifate, iron (...) oxylate, and po- 
tassium ferrocyanide, and is preferably iron (III) sulfate. 

7 A method as claimed in any preceding claim, wherein the concentration of iron saK is from 50 to 100 parts, and 
' preferably from 50 to 75 parts, per million parts of the aqueous mixture. 

8. A method as claimed in any preceding Cairn, which further comprises aerating the mixture. 

9 Useofaniron^toinhM^ 

an aqueous mixture of sulfuric acid andh ydroggnicacid. 



Patentanspriiche 



filtd ltd! l^t" Mw " 

zentration des Eisensalzes von 10 bis 1000 ppm des waBrigen Gem.scr.es ist. 
2 Verfahren gemaB Anspruch 1, bei dem das Metal, ausgewahit ist aus Eisen, Eisen.egierungen, Stah., Trtan und 
Zirkonium und bevorzugt aus Titan und Zirkonium ausgewahit ist. 

3. VerfahrengemaBAnspruchtoder^^ 

von 0,001 bis 10 Gew.-% ist und die Blausaurekonzentration in dem waBngen Gemisch von ,u w 

waBrigen Gemisches ist. 
misches ist. 

5. Verfahren gemaB irgendeinem der vorhergehenden Anspruche. bei dem das Efcensalz ein Eisen(l..)-sa.z ist. 
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6. Verfahren gemaS Anspruch 5, bei dem das Eisensalz ausgewahtt ist aus Eisen(lll)-sulfat, Eisen(lll)-oxalat und 
Kaliumeisencyanid und bevorzugt Eisen(lll)-sulfat ist. 

7. Verfahren gemaB irgendeinem der vorhergehenden Anspruche, bei dem die Eisensalzkonzentratton von 50 bis 
100 und bevorzugt von 50 bis 75 ppm des waBrigen Gemisches ist. 

8. Verfahren gemaB irgendeinem der vorhergehenden Anspruche, das weiterhin das Beluften der Mischung umfaBt. 

9. Verwendung eines Eisensalzes zur Korrosionsinhibierung eines Metalls, das einem waBrigen Schwefelsaure- und 
Blausauregemisch ausgesetzt ist, und BikJen einer Oxidschicht bei Kontaktierung. 



Revendications 

1 Precede pour inhiber la corrosion d'un metal expose a un melange aqueux d'acide sulfurique et d'acide cyanhy- 
drique et formant une surface d'oxyde quand il est en contact avec ce melange, qui consete a melanger un sel 
de fer au melange aqueux d'acide sulfurique et decide cyanhydrique en contact avec le metal, ou la concentrate 
du sel de fer est de 10 a 1000 parties par million de parties du melange aqueux. 

2. Precede selon la revendication 1 , dans lequel le metal est choisi parmi le fer, les alliages de fer, I'acier, le titane 
et le zirconium, et est de preference choisi parmi le titane et le zirconium. 

3 Precede selon la revendication 1 ou la revendication 2, dans lequel la concentration de I'acide sulfurique dans le 
melange aqueux est de 0,001 % en pokte a 10 % en poids, et la concentration de I'acide cyanhydrique dans le 
melange aqueux est de 1 ,0 a 2500 parties par million de parties du melange aqueux. 

4 Procede selon la revendication 3, dans lequel la concentration de I'acide sulfurique dans le melange aqueux est 
de 0,01 % en pokte a 5 % en poids, et la concentration de I'acide cyanhydrique dans le melange aqueux est de 
10 a 100 parties par million de parties du melange aqueux. 

5. Procede selon I'une quelconque des revendications precedentes, dans lequel le sel de fer est un sel de ferfjll). 

6. Procede selon la revendication 5, dans lequel le sel de fer est choisi parmi le sulfate de ferfjll), I'oxalate de fer(lll) 
et le ferrocyanure de potassium, et est de preference le sulfate de ferfjll). 

7. Procede selon I'une quelconque des revendications precedentes, dans lequel la concentration du sel de fer est 
de 50 a 100 et de preference de 50 a 75 parties par million de parties du melange aqueux. 

8. Precede selon I'une quelconque des revendications precedentes, qui consiste en outre a aerer le melange. 

9 Utilisation (fun sel de fer pour inhiber la corrosion d'un metal expose a un melange aqueux d'acide sulfurique et 
d'acide cyanhydrique, et formant une couche d'oxyde quand il est en contact avec ce melange. 



